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Objective — lb determine the Qnset iDf immunity ater 
IM administrBtiDn of a single dose: of a recombinant 
canarypox virus vaccine against West Nile virus 
(WNV) in horses in a: blind challenge^ trial. 
Animals—20 niixed-breed horses. 

Procedure— Horses with no prior exposure to VVNV 
ware randomJy assigned to T of 2 groups (TO hors- 
es/group), in 1 group, a recombinant eanarypox 
Virus vaccine against WNV was administered to 
each horse once (day 0). The other 10 control hors- 
es were untreated. Qn day 26, 9 treated and tO con- 
tra,! horses were challenged via the bites of mos- 
quitoes {Aedes albopictus} infected v/\th WNV. 
GImical responses and WNV isolation were moni- 
tored for 14 days after ehaflenge exposure; antibody 
responses against WNV after administration of the 
vaccine ^nd di^lienge v^ere also assessed in both 
groups, 

Resuits— Fbllavving: ehaflenge via WNV-i n fected nios^ 
qUitoes, 1 pf 9 : treated horses devel^^^ in 
CEintrast. 8 of 10 GontrDf horses developed viremia 
aftar challenge exposure to WNV-inf&Gted mosqui- 
toes. All horses seroeonyerted after WNV challenge; 
comparedwith control horses, antibody responses iri 
the horses that received the vaccine were detected 
earlier. 

Conclusions and GSIrtlcal Relevance— In horses, a 
single dose of the reconibinant eanarypox virus-VVNV 
vacane appears to provide early proteGtion against 
dovelopment of viremia after challenge with WNV- 
infected mosquitoes, even in the abserice of mea- 
surable antibody titers in some horses, tfiis vaccine 
may provide veterinarians with .an important tool iri 
controlling VVNV infectjGn during a haidrai outbreak or 
under conditions in vvhieh a rapid onset of protection 
iS required: {Am J Vet Re$ 2004;6S: 1 45&-1462) i 
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West Nile virus (WNV)" is an artliropod-borne, 
enveloped, positive-stranded RNA virus that is 
transmitted by mosquitoes, Bird^ are the principal ver- 
tebrate h os is Ji ui th e virus can occHsi on ally ca use dis- 
e£jse in horses mi htimans. West Mile virus fimt 
appcaj:e4 in the United States in 1999 in New Yorlc, 
where it was jas^tKiaied with a small nuinber of illness^ 
es in horses antf htimans.^ ' Since then, tlie virus has 
spread aeioss rnosL of the Linked States and inio 
Canada and Mexico, and WNV is npw coiisicfered lo 
endemlG in Norih America. In IQOl, WNV itiftGtipn. 
and associated clinical disease was;: diagnosed in more 
than 14,000 horses in die United States, of whit^h 
apprqximaieiy 33% died.^-^ tn 2003, i:here were fewer 
repqrtis of hriected horses (between 4,000 and 5,000), 
although mortality rates seemed to remain constant.^-' 
As the virus has spread wesmard in the United States, 
there has been an appareiitdecn^jse ih die inddenceof 
WNV-associated disea?^; awtjpri^ horses fn piryiously 
affected areas. An knpoftant ekception to this Is the 
niid-AtlAtitic :5iates, where the incidence of WNV-asso- 
ciated disease In horses in 30Q3 was 5 times as great as 
that reported in 2001/'^ t]ius, the virus and disease 
remain unpredjctable in lertns of epidemiologj^, viru^ 
ience, and response to environmental] Tacipt?. 

At present, tlier^ is no efEeetive treatnicrii pn>iocoi 
for WNV infection la iidrsies and cpnirot of the spread 
of infection relies on vaccinatiGn and niosquito man- 
agement. Although the use of vacGines experirneritally 
in several species has been described,^'' there are only '2 
pompercially available vaccines: 1 prepared with m 
inactivated whpk virus smct another that inGorporates 
rceombinam eanarypox virus expressing prM/E pro- 
teins of WNV in andthet study" by our group, 2 doses 
Qf the reconibinani canarypox virus-WN V vaccine pro- 
vided protection against WN V infection that lasted for 
at least 12 months in WNV-riaive horses. The purpose 
of the study of this report was to determine the bhset 
Of iriintuni ty aft^r IM £dininistration of a sihgje^^d^ erf 
a recombinant vaccine: against WNV in Hcsrses m a 
blind Ghallenge triab 

iViateriais and Methods 

Animals^ — Iwerity nrixed-brecd horses (nge, 3 lo S 
yeai s) of either sex from a ccjmmcrcial herd were^neluded iri 
this study None of the horses liad detfeGtable ^ufib^dy 
a^ninsi WNV or Si Louis encephalitis virus via plaque redut> 
lion neuErali-utian lestmg at. the can^mencemeni of the [fiiil 
HGtses wem individually housed m environ mentally con- 
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irt)3]eci siails ai ii research facility in Misstjuir until dfsy 13 
after vaecirmtion, ai which time they were iri^nsporLed lo 
Colos-add State University. M this locatipn/harscs were 
housed in a biosecurity ItiveUi^^ontairimcnl buildiug (2 hors- 
as/jxitxm) iituil ihc end of the irial At boih sites, horses were 
fed. a dler of pelleted CDrscentrates and mriincainect in accor- 
danefi: v/ith animal u&e and cinv. guidelines of ihe Merial and 
Gdldrada State Universiiy In&titutiDnal AnimarCarj^ and Use 
Com rtiit tees. 

Vacdne against WNV— A c^Jmmcrciat preparation oi 
iy&cmMed v^ccm^ ilm tommtis recti rnbina lit canarypox 
e^tpreslng ihc prltl/E gcfi^5 derived from u 1999 New 
V()rlv isolate dfWNVWs^^ 

ctisss^Unked acr)'lic ifcid polyalkcnyi cihcr diviaivl glycor 
adjuvant ia pravldc 10=' tissue culture infectious ijose '30% 
(tOD^p) of vacdtie virus/iiose^^ 

Experiineiiial design"--Horse3 \veix randomly assigned 
to 1 :of 3 groiips (10 horses/group). On day 0, hofses in group 
1 receiv^jd a siiigle dose {1 niL) of reTOmbmam::Canar>7JDX^ 
yims-WjviV v^iCCin^ the vaecine was hot adnimistercd to 
horskis in group 2 (cantrol itorses). For personnel safety rea- 
scms, I hd^f^e in gtaup I was exckded IVom the study just 
prior to challenge exposure. 

On day 26, all hor^e^ 0 trcaLcd and 10 coritml horses) 
in iJie study weie ehallengeci with mos^tuitoes inlccted with 
WNV^ as previQUsiy descrihcd.^^ Bricny cjich horse was cliaK 
Icnged hy the bites of 3 to 1 1 (mean, 7) Tuosquiiaes (Acclcs 
ct}J}opkm&) that had been pie vicmsly Inoculated \vith approx- 
imately 500 to 1,000 plaqUe-fDrming units (plii) of the 
fvY99-4132 WNV isolate. Alosquiioes were allowed to feed 
0;n h<:>i:BCS fcir a period of ID tcr 2G minuter. Aftej- the feeding 
period, 3 engorged masquitocs from each horse were colleei^ 
ed, hompt^enized, aiul evaluated for vims by plaque assay. 
The fx^sulis orthe back-iitration indicated thai the engorged 
mosquitoe^y coniamed 2,0 K IG' to 3.2 X i& pfis of 
WNV/mosquito. 

Blood samples were conecied front all horses on days 0, 
7. 14, 21, 26, 33, and 40 ibr assessrneni of serum antibodies 
agaimt WNV On days 0 and 26, samples were obtained pri^r 
to the admhristration of viiccjnc and mosquito challenge, 
respectively Sera were prepared from the blood samples and 
stored at --SO'C until analyzed t:0 dctermme antlbi^d^ 
responses. In addition, blood samples were obiained twiee 
daily irDm all Horses for 13 days following cliallenge fdays 26 
through 39) and onee on day 40 to provide sera for vln^ . fso- 
lauon, Otj day M, the first set of samples was ohtanied prior 
to challenge and ihc second set was obtained after challenge. 
Seriim samples were Stored frozen at --aD"C until vims isfoia- 
tion was pcrf armed, 

PhysiG3tc?caminatj*>ns we^^ an Cijch horse 

twice daily PIT days afe lfliraugh l9 and bncfe dn days 24, 25, 
and 40. E:5aminatkMiS: tnciudtd measurement of rectal tem- 
perature and observadi^ns of signs of depression or anKiety, 
ataxii^, hKui *ihaktng, muscle fasciculaiion, reiuciaticc m 
move, and lip ^^^itching (each rccardeet as present or absent). 
At the end prthe trial, horscs wet^ citthaniatized by IV admin- 
istradon of aii overdose of sodium pcnjobai^biiai and the car- 
casses Were ihcinera led, 

_ The persons; performiiag the laboratory atialysis md 
elinicsl obs<;ryaijpn5 were unaware of the treatmem assign- 
ments. Personal involved in the Afaccinaciott proeedure were 
not involved in the cValuiiiion of.clinieal signs anct labcMnti>- 
r)^ anai3^es,, 

Vmts isgl^uion via phiqne assay— Serum samples and 
tnmquitO: bomt^enaies were assessed lor live virus via titra- 
tion in a plaqite assa>; as previously described.'- Briefly 
0.1 hiL of sample was added to .a monolayer of Vero cells in 
a 6-well culture plate and incubated for 1 hour at 37'C in an 



atinosphere containing 5% carbon dioxide. Cells were over- 
laid with 2 mL of 0.3% agarose in Dulbeccos modified Eagle 
medium Cwjtiaoui piienol red) supplemented with 5% feia! 
bovine serum and antimicrobials. AUer 48 hours of addition- 
al incubation, a second 2 ruL overlay of the same sotatlon 
with 0,004% neutral red was added to the cells. Plaques were 
eounted on days 3, 4, and 5 of incubaijcrti and expresseiias 
number of pfu per milliliter of serum. 

Determination of antibody responses-— Antibody 
response against WNV was evaluated by use of a plaque 
reduction neutralisation Jest. Titration of sera was done in 
blinded fashion at Colorado Staie University as described 
previously'- Briefly, sera were heat-inactix'ated at 5^C for 
30 minuies, and serial 2-foid dilmlans of those sera were 
mixed with an equal volume fO.l ml) of a prepaTation con- 
wining 200 to 300 pru of the NY99 -41 32 strain of Wl^l^ After 
Incubation at 4"C for approximately 16 to 20 hdm:s, 0.1 mL 
of each mixture was laid on Vera cell monolayci3 ill f^Aveil 
plates and processed as for the [^laque assay Neutralization 
end points were recorded as the highest dilution of smira 
With which there was a 50% reriuction of plaques (tc, detec- 
tion of 100 to 150 pfu), A titer :> 1:51 was cotisidered lb i^- 
reseni a positive antibody re^i[)oni^e against WN V 

Statistical analyses— Go mparison of the incidence of 
WNV ^^rcmia between the groups was: anafecd hy use of a 
Fisher exact test. A repeated-nieaaurt^.ANPVA: widi^ife^^ 
of group, day and grouped ay jBteractio?^ was constructeii to 
analyze the net chan^ in body temperature from basciihe: 
the baseline temperaium was defined a^ the mean value pf 
rectal temperatures recorded t^n piiechallengc days 24; 23,. 
and 26. All staiistical analyse^ were conducted: by use ofcdm^ 
putcr Mtwm*'' Significance ^'as based on ^tailed tests of 
the null hypodic§is resiikitig in^^ 

Hesufts 

Antibody respottsc5i~0n days 0 and 7, none of 
the 9 horses ijiat received wceiiie had deteGtabte anti- 
bodies against WUV. On days 14 and 21, € and 7 of 9 
horses ill group I had detectable antibodies a^^ainst 
WN\^ respectively On day 26 (challenge day), 6 oiV 
horses in group 1 had detectable antibodies against 
WN\( The antibody titers determined via plaque 
reduction neutraiizaiidn testing ranged from 1:3 to 
1:80. None of the contol horses had dettjctabk anti- 
bodies against WNV at any time prior to the challenge 
exposure, FoUQwing dtallenge with WNV-infected: 
tnosqintoes, all Horses ^eroeanvened, but anatnnesiiG^ 
t^esponses in the treated horses appeared ciariier than, 
those in the control horses (Figure 1). 

Assessment of vircinia fbllowirtg WNV chal^ 
lenge— On days 26 to 40, blood samples were obtained 
from all holies to provide sera for virus isolatiortv On 
days 26 thfotlgh samples were colleeted twice 
daily;: horses were coinsidered to be vireinie if virus was 
isolated from 1 or both serum samples obtained on thai 
day Among the control horses, viremla was detected in 
2 horses 24 to 48 hours after exposure to WNV-infect- 
ed mosquitoes and in 4 liorses 48 to 72 hours after 
challenge. Eight t>f 10 cotitFoI liorses had detectable 
viremia fram: 72 to 120 liours after ehallenge, wltli 
:peak virus titers of iO'^^ io 10- pbi/mL. From 120 to 
144 Ipurs and. 144 to 16B hours after chaUenge, 
viremia was detected in 7 and 2 control horses, respec- 
livelj^ Virus was not isolaied after 16S hours postdtal- 
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f igure 1—Neuiraltzing an tjbody titers^ sgalnst West Nii^ virus 
WNVJ in lO liorsest Ihat were admmistsrsd IM 3 single dose of 
reeombinant canarypox virus-WNV vaccine fsquaresl and 10 
untreated cootfo! horses Itriangfes). Vaccme was administered 
GO day G^nd on day 26; 9 tmated and all control hordes were 
challenged via the bites of WNV-infected mosquitaes. Sera wsre 
Obtained on stydy days 0, 7 14. 21 . ^nd 26: (b^ffore eliallenge) 
and oh study days 33 and 40 (after chgllenge}. the neutral iziricj 
an libody titers were represemed as the highest sefum diiulion 
yielding a 50% reduction in otequ^ numbers (PHNTgj,), f For per- 
sonnel safety reasons, 1 horse m the treated group was exclud- 
ed troni th&stt^dy ju^t pnor to d^H&ri^e e>cpj6sure:. 

lenge in the eon Li'd heroes. Only 1 of 9 korsesln groap 
I cleye]o|>ed viremm znd W£is virGmlG 72 to 96 liours 
3nt3 144 to 168 hQurs after challenge, wiili a peak vi rus 
liter of lO'-' pFii/iTiL. This horse had nioiiniGcl a neu- 
tralizing antibody response after vaccination (peak 
;^nitbDdy titer of 1:20), which was still present at the 
time of challenge (titer of 1:5). The ' Incideiice of 
vireiTilg m the grpui) 1 horses was significantly 
(P =c 0.006) tower ihan in the coiitro] horses. 

Clinical signs of disease in lioi^cs after WNV 
chaHenge-^DiiriTig: physical Ksatmnstions pet^fonned 
011; days 24 through 40, elinical signs of disease were 
not observed in any of the horses, with the exeepiioti 
of 1 control horse that transiently had a high tempera- 
ttire (3B.8^C} 3 days after challenge, there was no sig- 
Tiificant {P ^ 0.96) difference betweeti tte groups with 
respect to tempcmture after ehallenge. 

The reeent outbreaks of WN\' infection in liarses 
have raised the t[tiestion of how quickly protection can 
be induced following yaceination. Tlie results of the 
present study have indicated that a siitgle dose of the 
live reeomhinatit caiiarypox virus-WJ^V vaccine pro- 
vided pratectionagaimdeve of WNV viremia 
Wlihiii 36 days of IM administration in horses. To our 
knowledge, this is the only commercially available vac- 
cine for which a rapid onset of protective immumty 
against a natural WNV challenge after 1 injectian. has 
been demonstrated. 

An inactivaied vaccine against WNV is corhrtier- 
daily available and fes feh shown to be efeUve in 
preventing WNV viremia in needle challenge experi- 
ments in hoi-ses. ' ' According to the manuiaciurers rec- 
onmiendations;^ this vaccine has to be administered in 
2 doses at an interval of 3 to 6 weeks apm to induce 
immunity Indeed, results of a recent study^^ indicated 
that 277 taf 589 (47%) WiSlV^infecied horses in 
Goldrado and Netosk^ had reedved at least 1 dose of 



the inactivated vaccine: prior to developing cliivical 
signs of disease. 

None of the horses challenged with WNV in pur 
study devdQped elinical signs of disease assodated 
with WNV hiEeetion. This was not unexpected because 
findings of previotis sttidies^^-^^ in horses experimental- 
ly infected with WMV yielded similar results and, 
under field conditions/' the percentage of horses 
exposed to WNV that had clinical signs of disease has 
been estimated to be 10%. In. the absence of cHniGal 
signs, viremif is considered to he the mast GOitsistent 
indicator of WNV infection in horses; mnnitoring the 
deveiopment of viremia by use oFvirus isolation is cur- 
rently aceepied as a means of £issessing the efficacy of 
vaccines against WNV^' '^>'^" The magnitude and dura- 
tion of viremia obseryed in the horses of otir study 
were consisient with findings of previous studies J^-^^ 

/Vithough ihe antiviral and Immauomodulkting 
properties of p05cvimse$ ha^c been well dqcumented," it 
is highly unlfkely that the protection alioRled by ihe 
recombinant canaiypox vti'Us vaccine against WNV was. 
a result of the nonspecific antiviral activity of the canary- 
poK virus. Results of earlier stttdies jndicaie that the 
canatypox vector alone or canai^oxivirtis ej^pressing ait 
unrcJaiedgene^ld nQtpiw protection against caiiine 
distemper vinis iniectbn in ferrets,'^ equine herpesvirus 
infection in horses,'"^ and, in our experience/ equine 
infiuenza virus infecdon in. horses. Moreover, because it 
is well accepted that the immunomodulatoiy properdes 
of po?cvi.ruse5 are mediated by short-lived cytokines, we 
wptdd not expect the nonspecific immuniiy to proVicb 
pMectiah against WNV mfecfen (br as Jon^;^ 2eS days 
after vaccinadon. Therefore, we believe that the effective 
viral clearance and the rapid onset of fmmuntty against 
WiNfV pm\qded by a single administration oftlie live 
recombinant canarypox vims-WNV vaccine m the group 
1 horses^reflecis $ iroTig speciSc p nming of dteir imtnurie 
systems/'^ The protective intmHnologie responses; to 
WNV in^etipn In horses have not beeis eJitciiigted, but 
eell-mcdfaied imrnunity may be fundamental to eflective 
viral cleai^nce. In a study-' of B-eell--clefEckn^^ T and 
B-ccll-delicient mice, administration of polyclon^il anti- 
body against WNV was ineffective in elimirmling virus 
from WNV" infected mice, which etnphasfees the Icey role 
ol cell-mediated immunity in viral ctearance. In die pre^ 
sent smdl^ 3 of 9 horses that received 1 dose of the Vac- 
ciiie had no antibddtes detected via plaque reductiion 
netU:Mt2ation testing at the time of challenge with WN\^ 
infected mosquitpes; yet they did not develop WHV 
viremia, which is indicatfve di eell-mediaied viral clea^ 
ance, 

The vaccine vector used in the study of Uiiis report 
shares several features with other pmfvituses, incliid- 
ing a capacity to accept large segments of foreign DMA 
and thermo- and genetic siabthty; these characteristics 
malce poxviruses ideal vectors for delivering foreign 
antigens from a wide variety of pathogens to the host 
immune system,/ Canarypox virus recombinants 
authentically express the inserted foreign genes tn the 
absence of prpdiiciive viral repIkatiDii,-" which pro- 
vides a built-in safety ieaiurc Ibr vaccination purposes 
because there is no potential for transmisslBn of the 
vaccine vector. 
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U is expected lliat WNV inft^ction will conunue to 
be a concciTi for horse ownei-s md veterinarians In the 
United Slates, with lurther ouibreaks of disease in 
endemic areas and detection of ne^ foci ofinfectiqn in 
previously tinafrecie^^ regions. The resuiis bJtlie study 
reported liere indicate iliat the reGombinarii caiiarypox 
virus- WNV vaccine induced a rapid ons^>t of imniunity 
against WNV after a single HdministratlDn in horses, 
vv^htch can be of crucial iJitportance wiven exposure to 
WNV may closely fbllow vaccinaiion. This vaccine 
may provide: veteririarians with m irnportent tool m 
controllmg WNV infection dunng; a natura} outbreak 
or imder eonditlons In which a rapid onset of pro tec- 
lion against WNV infection and associated disease is 
required. 
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